Background: Nasal septum perforations from surgical submucous resection, septoplasty, blunt trauma, and substance abuse may cause epistaxis, nasal obstruction, discharge, crusting, dryness, pain, and whistling. While small symptomatic perforations are closed with local mucosal flaps, options for closure of large symptomatic perforations are limited. A local pedicled flap, the facial artery musculomucosal (FAMM) flap was studied in patients with large symptomatic nasal septal defects. Methods: Patients included in the study had (1) a nasal septal defect measuring at least 20 mm in greatest dimension; and (2) related symptoms of nasal crusting, discharge, dryness, obstruction, epistaxis, pain, or whistling. Six patients (3 males; 3 females) met these criteria and received FAMM flap repair. Outcomes were assessed based on comparison of preoperative versus last follow-up (range, 10 -30 months; mean 17 months) assessment of perforation size and symptomatology. Overall discomfort was rated at each time point on a 1-10 scale.
N asal septum perforations are anatomic defects caused by submucous resection of the nasal septum and, to a lesser degree, by septoplasty, blunt trauma, nose picking, nasal packing, cauterization, and substance abuse. [1] [2] [3] [4] Septal perforations may be differentiated as (1) asymptomatic, (2) small symptomatic (less than 2.0 cm), and (3) large symptomatic (greater than 2.0 cm). For symptomatic septal defects, symptoms include epistaxis, nasal obstruction, discharge, crusting, dryness, pain, and whistling. 5 However, around 62% are asymptomatic and as such do not require closure. 5 Common practice is closure of small symptomatic perforations with local mucosal flaps.
3-4,6 -8 However, for large symptomatic perforations closing options are limited, but include radial forearm free flaps, 9 pericranial flaps, 10 and nasal tissue expansion. 11 As an alternative for closure of large septal defects we used a local pedicled flap, the facial artery musculomucosal (FAMM) flap. 12 The FAMM flap offered well-vascularized tissue that could be prelaminated or skin grafted on the raw, nonline surface.
To study FAMM flap repair we selected a group of patients with large symptomatic nasal septal defects. Outcomes were assessed based on comparison of preoperative and last follow-up evaluations for status of septal defect and presence of symptomatology.
METHOD

Patient Population
This study was a retrospective review of patients who had repair of nasal septal perforations, using the FAMM flap technique. Criteria for operation included: (1) a nasal septal defect measuring at least 20 mm in greatest dimension; and (2) presence of preoperative symptomatology (eg, nasal crusting, discharge, dryness, obstruction, epistaxis, pain, or whistling). Six patients (3 males; 3 females) met these criteria and received FAMM flap repair. Patients having alternative treatments for repair were excluded. Outcomes were assessed based on comparison of preoperative versus last follow-up assessment of perforation size and symptomatology. Overall discomfort was rated at each time point on a 1-10 scale. Intraoperative and postoperative complications (eg, bleeding, infection, loss of flap or skin graft, or anesthesia-related event), length of hospital admission, duration of follow-up, and requirement for any additional nasal operations were also documented.
A Student t test was performed for statistical analysis of preoperative versus follow-up overall discomfort and size of septal perforation. Complete resolution of symptomatology and closure of perforations were also compared at these time points by a Fisher exact test. Preoperative and follow-up time points were assumed to be independent.
Surgical Technique (Figs. 1 and 2) After oral intubation and placement of 4 retraction sutures, a Doppler was used to identify the location and course of the facial artery on the buccal mucosal surface. A superior-based (or retrograde) pedicled FAMM flap was marked out. The width of the flap was marked out as 1.5 cm and the length of the flap varied from 5-7 cm. To mark the distal portion of the flap a template of the nasal septal defect (made from intranasal evaluation) was used. This shape was typically circular or oval. Thus, the flap was shaped like a lollipop with a long narrow pedicle and wide circular distal end ( Fig. 1A and C) .
After marking out the flap, a mucosal incision of the distal flap was made. The facial artery was identified and the proximal facial artery was suture ligated. The flap was raised just deep to the facial artery (which was deep to the mucosal glands and buccinator muscle). The muscles of expression were not injured in the dissection. After the flap was raised completely to the gigivobuccal sulcus region of the ipsilateral lateral incisor and canine, the donor site was closed. A full-thickness skin graft, harvested from the posterior auricular region, was then used to line the raw surface of the distal flap. Thus, the template-sized distal flap had mucosal lining on one side and a full-thickness skin graft on the other (Fig.  1B and D) .
Preparation of the nasal septal defect or recipient site was performed next. Using a speculum for exposure, a freer was used to dissect the nasal lining around the septal defect. The large septal defect typically extended back to the vomer bone so holes through the bone were necessary to place anchoring sutures to the FAMM flap. A right-angle drill was used to place these holes (Fig. 2) . Next the proximal incision of the flap was extended as a gingivobuccal sulcus incision (Fig. 1) . Subperiosteal dissection was performed to the periform aperture. Nasal mucosal was opened approximately 2 cm. The FAMM flap was tunneled into the nasal cavity through this opening. The flap was then positioned in the defect and sutured into place. Through-and-through chromic and PDS sutures were used to secure the graft. Posterior and inferior sutures were placed through the bone via the drill holes and then back through the flap before being tied. Anterior and superior sutures were placed through the remaining septal cartilage and then back through the flap before being tied (Fig. 2) .
Finally, the oral and nasal linings were closed. Using a right-angle clamp and scissors, the mucosal layer of the FAMM flap was carefully separated at the level of the oral-nasal tunnel. Both the oral mucosa and nasal mucosa lining were then closed with chromic sutures. The purpose of this step was to prevent an oronasal fistula. Intranasal Doyle splints were then placed. The splint on the skin graft side was wrapped with Xeroform. Splints were removed 1 week postoperatively.
RESULTS
From January 1995 to January 2004, 6 patients (3 males; 3 females) underwent FAMM flap repair for perforations of the nasal septum. Age at the time of operation ranged from 21 to 44 years, with a mean of 34 years of age. Postoperative follow-up ranged from 10 to 30 months, with a mean of 17 months. Causes of septal perforation included blunt trauma in 3 patients (50%), cocaine abuse in 2 patient (33%), and submucous resection in 1 patient (17%) ( Table 1) . No intraoperative or postoperative complications were encountered. All donor sites were able to be closed without skin grafting. One patient (with the second-to-largest defect) developed a tight cheek postoperatively. This resolved by 6 weeks with massage therapy and exercise.
Surgical Closure
Preoperatively septal perforations were present in all patients. Maximal recorded dimension ranged from 3.1 to 4.0 cm, with a mean of 3.5 Ϯ 0.4 cm. Minimal recorded dimension ranged from 2.0 to 3.0 cm, with a mean of 2.6 Ϯ 0.4 cm. Postoperatively at last follow-up, all 6 patients (100%) achieved closure of their septal defect (P Ͻ 0.001).
Symptomatology
Preoperative symptoms included pain for 5 patients (83%), dryness for 4 patients (67%), crusting for 3 patients (50%), discharge for 2 patients (33%), epistaxis for 2 patients (33%), and obstruction for 2 patients (33%). Three or more symptoms were experienced by 5 patients (83%). Overall discomfort when rated on a 1-10 scale preoperatively had a range of 6 -10, with a mean of 8.4. Postoperatively, overall discomfort score was zero for all 6 patients (100%) (P Ͻ BT, blunt trauma; C, crusting; CA, cocaine abuse; Dc, discharge; Dr, dryness; E, epistaxis; F, female; M, male; P, pain; SMR, submucous resection.
0.0001). This corresponded with complete symptomatic resolution which was noted in all 6 patients (100%) (P Ͻ 0.01).
DISCUSSION
Commonly a distinction is made between septal perforation procedures for defects less than 2 cm and those greater than 2 cm. This distinction is critical because for defects less than 2 cm mucoperichondrial/mucoperiosteal rotation flaps with or without cartilage interposition grafts have been demonstrated to have success rates between 90% and 100%. 3, [13] [14] [15] However, when the vertical diameter of the defect measures greater than 50% of the septal height, there is not enough mucosa remaining to achieve closure. In fact, the largest reported closure by such an advancement was 2 ϫ 3 cm. 16 When dealing with defects greater than 2 cm, alternative measures are necessary.
Described methods for closure of large nasal septal defects include radial forearm free flap, pericranial flap, and intranasal tissue expansion. While successful closure of large nasal septal defects has been reported with these procedures, they do have drawbacks. Both the radial forearm free flap and pericranial flap leave a visible external scar at the donor sight. Furthermore, studies of each of these have been limited to case reports. 9, 10 Intranasal tissue expansion among 5 patients required a multistaged procedure, with 1 surgery for placement, 4 weekly injections for expansion, and then a second surgery for flap rotation. 11 Furthermore, for all these procedures, like most septal perforation repairs described in literature, large exposure of the nasal septum via either external rhinoplasty, 17 lateral rhinotomy, 18 or midfacial degloving 19, 20 is performed, leaving a visible external scar and possibly jeopardizing blood supply to the septum and anterior nasal floor. 9 In our study, all patients had septal perforations greater than 2 cm. To close these large defects, a FAMM flap with postauricular skin graft placed on the raw (nonmucosal) side was performed. No external scar was produced and nasal lining was created. Of note, the etiology of septal perforation in our series of patients differed from usual. Traumatic perforations were predominant (50%), and postsurgical perforations were less common (0.17%). The etiology for large nasal perforations may differ slightly from more typical perforations; however, this could not be determined by our small group of patients. Outcomes of our patients demonstrated septal closure postoperatively in all patients (100%) with maintenance at long term follow-up (P Ͻ 0.001). Complete symptomatic resolution was also noted at follow-up among all 6 patients (100%) (P Ͻ 0.01). This is significant because despite successful closure of septal perforations less than 2 cm by the accepted method of mucoperichondrial/ mucoperiosteal rotation flaps, nasal obstruction and pain failed to resolve. 21 An explanation of this disparity may stem from our procedures: (1) requirement for only minimal undermining; (2) lack of releasing incisions that leave cartilage/bone exposed away from the defect; and (3) tension-free closure.
In summary, the advantages of the FAMM flap closure technique were (1) no visible external scar with minimal donor site morbidity, (2) successful closure of large septal defects (Ͼ2 cm) with vascularized tissue in a single stage, and (3) resolution of patient symptomatology.
